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Abstract

For self-employed individuals and their families, purchases of health care services and health insurance policies have the potential to impact
their health status, as well as the financial viability of their businesses. Most people in the United States receive health insurance coverage through
employer-sponsored programs. Self-employed individuals and their households, such as farm households, may face a greater challenge in getting
affordable health insurance. Using a large cross-sectional farm household level dataset, we estimate the impact of the source of health insurance
on health care expenditures of farm households in the United States. Results suggest that farm households purchasing individual health insurance
directly from vendors are likely to spend more on health care than those with other sources of health insurance. After controlling for a variety
of personal and local area characteristics, having health insurance was negatively related to total health care expenditures. Age and income, not
surprisingly, were also found to be significant in explaining health care expenditures.
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1. Introduction

News sources regularly report on the rise of health care ex-
penditures and consequent limitations on access to healthcare
across the country. A recent (2007) national survey found that
41% of working-age adults, or an estimated 72 million people,
reported problems paying medical bills and/or the accruement
of medical debt, up from 34%, or 58 million adults, only 2 years
prior (Doty et al., 2008). Recognizing the importance of health
care to constituents, candidates for elected national offices have
offered up alternative plans for reforming the health care system
to improve affordability and access.

Unlike the majority of developed countries, the underpinning
of the U.S. system is employment-sponsored insurance. Under
employment-based insurance, health insurance is offered to an
employee as part of a compensation package. All of the employ-
ees in a firm are considered to be in a group and, therefore, their
risks are pooled resulting in lower premiums to all in the pool.
However, a number of factors can make individuals ineligi-
ble for group insurance programs, including self-employment.
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Self-employed individuals often rely on individual policies pur-
chased directly from insurance providers. Usually the premiums
are based on the specific characteristics of the individuals cov-
ered, such as age and health status. The cost of these premiums
for the self-employed population is fully deductible for tax pur-
poses, amounting to an estimated five-year total tax benefit of
$24.3 billion for all self-employed (U.S. Congress, 2008).

In a system relying so heavily on employment-based insur-
ance, U.S. farmers are among the disadvantaged. Moreover,
the farming environment has some unique features that place
workers and their households at greater risk for injury and ill-
ness than many other work environments;1 however, epidemi-
ological evidence exists that shows farmers have lower rates
of many types of deleterious health conditions (Acquavella
and Olsen, 1998; Blair et al., 1993). Farm households in the
United States can obtain coverage from off-farm jobs of oper-
ators or spouses, through their farming operation, government
programs, or through the direct purchase of individual plans.

1 Farming has one of the highest fatality rates of all occupations, according
to the U.S. Department of Labor, which reports fatality rates for workers based
on their major occupation. While the overall fatality rate in the United States in
2006 was 3.9 per 100,000 workers, the rate for those with farming or ranching
as a major occupation was more than nine times that rate—37.1 per 100,000.
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Considering farmers’ lower reliance on employer-sponsored
insurance, unraveling the determinants of farmers’ expendi-
tures on health care (insurance premiums and out-of-pocket
expenses) may yield lessons relevant to the national debate on
health care reform.

The specific objectives of this study are twofold: first, we
will investigate if there is a difference in the effect of sources
of insurance coverage on total health care expenses (insurance
premiums and out-of-pocket expenses) of farm households in
the United States via the source of the health insurance cov-
erage. Second, we will evaluate the role of some relevant
socioeconomic factors such as age, education, size of farm
household, and income of farm household on total health care
expenditures.

2. U.S. and farm household health expenditures and
insurance coverage

In 2007, about the same share—15%—of persons in the U.S.
general population and the 5.4 million persons in farm op-
erator households had no form of health insurance (USDA,
ERS, 2008b). Although a farm business does not generally of-
fer employment-based health insurance, other factors help to
equalize insurance coverage. For example, having health insur-
ance is closely associated with a person’s age and income—
coverage increases with both, and farm operator households
are more than three times as likely to be headed by an individ-
ual over 65 compared to other U.S. households. Farm opera-
tor households also have higher incomes, on average, than the
general U.S. population. Although farm operators are largely
self-employed, in the majority of farm operator households, the
operator or spouse is also employed off the farm. As with the
general population, the most common source of health insur-
ance for members of farm households is employment based. In
fact, farm household members are almost as likely as the general
U.S. population to receive their health insurance through an out-
side employer (57.0% and 59.7%, respectively, in 2006). Farm
household members are more likely than the general population
to directly purchase their health insurance, 20.8% and 9.1%, re-
spectively, in 2006. Further, farm households are less likely
(18.5% compared to 27.0%) to receive health insurance from a
Government-sponsored program, such as Medicare, Medicaid,
or the Veterans Administration (U.S. Bureau of the Census,
2008; USDA, 2008b).

Though farm households have incomes and net worth higher
than average U.S. households, much of their net worth is tied
up in their farming business and income varies greatly from
year to year. For many farm families, health care expenses have
the potential to affect not only their families’ economic secu-
rity, but also the financial viability of their businesses. Given
their relatively high net worth and reliance on family labor to
operate the farm business, providing adequate health insurance
to household members is as important to the financial security
of the farm business as it is to the health of the family. Opera-

tors of small and medium sized farms are most likely to have
family members working off the farm, and many receive fringe
benefits such as employer-sponsored healthcare and retirement
savings. However, operators and families associated with large
farms whose main occupation is farming are less likely to work
off the farm and therefore more likely to rely on private health
insurance (directly purchased from the vendor).

Historically, the average farm household has had total house-
hold expenditures less than the average for all U.S. households,
though there is also a difference in the distribution, by income
level because of saving and dissaving in the management of the
highly variable farm income source (USDA, ERS, 2008b). In
contrast, farm households have higher than average expenses
for health care. Part of the reason for this lies in the generally
older ages of farm operators. To control for age, we examine
the expenses and insurance coverage of nonelderly families in
Table 1. According to the Medical Expenditure Panel Survey
(MEPS), the average U.S. family spent $1,161 on out-of-pocket
health care services and $1,235 on insurance premiums in 2006
(USDHHS, 2009). This compares to $2,138 and $2,969, respec-
tively, for farm households based on the Agricultural Resource
Management Survey (ARMS). What accounts for the signifi-
cantly higher out-of-pocket expenditures of farm households?
Part of the reason lies in the source and type of insurance cov-
erage of the populations.

When we consider the nonelderly families, which have all
members with private insurance, we see that nonelderly farm
households spend more than 40% more out-of-pocket on health
care than the general U.S. population. It is also interesting to
note that (1) the uninsured farm families spend three times
more on out-of-pocket health care services than do the unin-
sured families in the general U.S. population and (2) in contrast
to the general U.S. family population, uninsured farm families
spend more out-of-pocket for health care services, excluding
insurance premiums, than do farm families where all members
are insured. What accounts for this relatively high expendi-
ture in uninsured farm families on out-of-pocket expenses for
health care services? If they can afford this level of expenditure,
why do they not purchase health insurance or are reasonably
priced individual plans not available?2 Clearly, there are sub-
stantial differences in the health care spending patterns of farm
households compared to the general U.S. population, which
raises questions about the determinants of their health care
spending.

3. Literature review

Research on health insurance, health care expenditures, and
the labor market is extensive. We refer the interested reader

2 The higher expenses of uninsured farm families may indicate that they are
receiving more health care. However, it may also be that the U.S. uninsured
family population has greater access to “free” care available in urban centers
but not available in rural areas where most farm families reside. An answer to
this question is beyond the scope of our farm data.
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Table 1
Premium and out-of-pocket health care expenditures among the U.S. nonelderly population and the nonelderly farm operator household population, for selected
insurance coverage groups, 2006

U.S. nonelderly population U.S. nonelderly farm population

Insurance status of Percent of Average expenses Average expenses Percent of Average expenses Average expenses
families (including families (%) for health care for insurance families (%) for health care for insurance
1-person families) services ($) premium ($) services ($) premiums ($)

All members covered with
full-year private insurance∗

54 1,410 1,981 77 2,180 3,279

Partial private insurance∗ 17 1,102 908 9 2,219 3,493
All members covered with

full-year public insurance; no
private insurance∗

7 643 NA 3 1,764 NA

Partial year or partial household
with public insurance; no
private insurance∗

7 949 NA 1 1,321 NA

All members uninsured all year 15 663 NA 11 2,305 NA

Total 100 1,161 1,235 100 2,138 2,969

Sources: For U.S. population, USDHH, AHRQ, MEPS data, Tables 1 and 8. For farm population, USDA, 2006 ARMS. NA = not applicable.
Note: Elderly population are included if the head of the household is nonelderly.
∗For ARMS, coverage is measured for full-year or part-year coverage combined.

to the excellent surveys by Currie and Madrian (1999) and
Gruber and Madrian (2002). The connection of health insurance
provision and the workplace setting has important implications
not only for the functioning of the U.S. labor market, but also for
the rural labor market and farm households, in particular. For
example, high health insurance cost has implications for wage
determination, employment, and hours’ determination in labor
market equilibrium (Currie and Madrian, 1999; McDonnell and
Fronstin, 1999). Gruber and Poterba (1994) investigated the
impact of the 1986 Tax Reform Act, which introduced a new
tax subsidy for health insurance purchase by the self-employed,
on changing patterns of health insurance demand. The authors
found that a 1% increase in the cost of insurance coverage
reduces the probability that a self-employed single person will
be insured by nearly 2%.

Many studies in the agricultural economics literature have in-
vestigated the economic well-being of farm households (Mishra
et al., 2002). These studies generally focused on the mone-
tary measure (income and wealth) of well-being. However, the
health of individuals and their families is also central to the
overall well-being of households. Healthy individuals and fam-
ilies have greater ability to learn new skills, earn more income,
and generate wealth to support current and future consumption
of individuals and families.

A small amount of literature examines health care issues
unique to farm households. The interest in the issue of health
insurance among farm families has gained some steam in the
early part of 21st century. For example, McNamara (2001) and
McNamara and Straub (2002) have provided a descriptive sta-
tistical analyses of health insurance coverage and access to
hospitals and medical facilities in rural Illinois. More recently,
the Access Project, funded in part by the Kellogg Foundation,
has conducted a multistate project on health insurance coverage,
medical debt, and health care expenditures of farm households.

In their study covering seven Midwestern states, they found that
a remarkably high 91% of farm households (with a head less
than 65) reported that all members were covered by health in-
surance for the full year prior to reporting (The Access Project,
2008). However, they also found that the median amount house-
holds spent on health care was $6,700—significantly higher
than the general U.S. population. Furthermore, for those house-
holds that purchased insurance directly from a private vendor,
the median medical expenditure was $11,200.

Recently, Zheng and Zimmer (2008) investigated farmers’
healthcare consumption given their insurances status. They used
MEPS data (1996–2001) to identify individuals who indicated
that farming was their major occupation (i.e., the “current main
job”). The authors pooled the years and treated them as a cross-
sectional sample. This method yields a small sample of 261
farmers between the ages 18 and 64. According to their sample,
19% of farmers are uninsured, lower than the national average
among self-employed individuals. On the other hand, Zheng and
Zimmer point out that 77% of farmers were privately insured,
with approximately 69% of privately insured farmers covered
through work-related plans. However, due to lack of data on
farm work and/or off-farm work (either farmer or spouse) the
authors were not able to distinguish the impact of off-farm work
on health insurance expenditures. The authors find that farmers
with insurance consume significantly more health care (mea-
sured as the sum of household expenditures and the amounts
reimbursed to providers from insurance companies) than farm-
ers without insurance. Further, their results also show that, on
average, uninsured farmers have fewer visits to the doctor or
medical provider than an insured farmer per year.

This study has similarities to the recent health care expendi-
ture analysis of U.S. farmers by Zheng and Zimmer (2008), but
differs in several fundamental ways. First, we use a farm house-
hold model to assess the impact of insurance status on household
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health care expenditures. Therefore, we use the information
on both farm operator and spouses and other socioeconomic,
demographic, and regional factors affecting insurability and
health insurance premiums of farm households. The household
approach also means that we consider a household insured if
all persons in the household reported having coverage. Second,
our sample is 10 times larger than Zheng and Zimmer (2008),
representing more than 952,442 farm households. Other than
the sample of farm households, it is not clear what population
is represented in the Zheng and Zimmer study. The MEPS data
are not designed to be nationally representative by occupation,
and the descriptive statistics of the farmer sample from MEPS
differs in significant ways from a representative sample of U.S.
farmers. Third, our study utilizes the information on the source
of insurance. In particular, we have information on five sources
of insurance.

Finally, our fundamental concentration differs from Zheng
and Zimmer (2008). We are focusing on the determinants of
health care expenditures, including strictly out-of-pocket ex-
penditures, such as household expenditures on health care ser-
vices and insurance premiums and excluding the payments
made by insurance companies to health care providers and
the insurance premiums costs paid by employers in employer-
sponsored plans. Although economic theory would indicate that
workers trade-off direct wage compensation with nonwage ben-
efits, such as employer’s share of insurance premiums, empirical
work has shown that households are responsive to out-of-pocket
expenditures for insurance, rather than the combined employer–
employee share of insurance costs. Zheng and Zimmer (2008)
measured health care expenditures as the sum of out-of-pocket
household expenses paid to health care providers and reim-
bursements paid by insurance companies to care providers.
Their measure of health care expenditures is designed to ad-
dress their purpose of measuring the role of insurance coverage
in the utilization of health care.

4. Data

This study uses the 2006 ARMS. ARMS is conducted annu-
ally by the Economic Research Service and the National Agri-
cultural Statistics Service (USDA, ERS, 2008a). The survey
collects data to measure the financial condition (farm income,
expenses, assets, and debts) and operating characteristics of
farm businesses, the cost of producing agricultural commodi-
ties, and the well-being of farm operator households. The target
population of the survey is operators of farm businesses repre-
senting agricultural production in the 48 contiguous states. A
farm is defined as an establishment that sold or normally would
have sold at least $1,000 of agricultural products during the
year. Farms can be organized as proprietorships, partnerships,
family corporations, nonfamily corporations, or cooperatives.
Data are collected from one operator per farm, the senior farm
operator. A senior farm operator is the operator who makes
most of the day-to-day management decisions. For the purpose

of this study, those operator households organized as nonfam-
ily farms were excluded. Nonfamily farms are those where less
than half of the farm assets are owned by the principal operator
and his or her extended family, whether they reside in the same
household or not.

In addition to collecting the standard farm and household
information, the 2006 ARMS also queried farmers on two is-
sues related to health-related expenses. First, the questionnaire
asked farmers about the total amount of health and/or dental
insurance expenses. Second, it asked the respondent about their
out-of-pocket medical expenses and health insurance premiums
not covered by their insurance plans. The 2006 ARMS data also
collected information on the source of health insurance for indi-
viduals living in the household. The farm operator was queried
on the number of individuals living in the household and how
many had health insurance coverage. The choices for health
insurance coverage were: (1) off-farm employer of operator;
(2) off-farm employer of spouse; (3) farming operation; (4) pri-
vate purchase; (5) government-provided, such as Medicare or
Medicaid.

Since we are interested in health insurance, we restrict our
data to households where both the operators and their spouses
(some of whom may also be operators) are under the age of
65. All individuals aged 65 or older have the option of receiv-
ing Medicare insurance coverage, and virtually all do enroll
in the program that is administered by the U.S. government.
The data only includes married couples. As a result, the 2006
ARMS yielded 3,292 observations that represent a population
of 952,442 farm households with 3.1 million household mem-
bers. Just over half (55%) of the households had individuals
other than an operator and a spouse living in the household;
most of the other household members (75%) were children un-
der 18 years old and only 3% were individuals 65 years old or
more.

Our data show that about 88% of the individuals associated
with the population of farm households we described above had
health insurance in 2006. Approximately, 30% of individuals
received health insurance through the farm operator’s off-farm
work, compared to about 18% receiving insurance from the
spouse’s off-farm work. Only 4% of farm household members
in our population were insured through the farming operation.
Finally, 15% of farm households purchased health insurance
coverage directly from the vendors and 21% of farm house-
holds were found with multiple health insurance plans (through
Medicare, Medicaid and other forms of public insurance).

The fact that the ARMS data have a complex survey design
and is cross-section raises the possibility that the variance of the
residual errors is not constant. Accordingly, all standard errors
were adjusted for heteroskedasticity using the Huber–White
sandwich robust variance estimator (see Huber, 1967; White,
1980). This type of adjustment for standard errors was used in
the regression models in lieu of the Jackknife variance estima-
tion method. The Jackknife is a method suitable for estimation
of standard errors when the dataset has a complex survey design
(for further detail in the context of the ARMS, see Kott 1997;
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Dubman 2000), and when the dataset is used in full rather than
as a subset.

5. Empirical model

The theory of risk has been used in the health literature
to model health insurance demand decisions3 (Arrow, 1963;
Feldstein, 1973). In this application, the theory suggests that
under conditions of consumer rationality and risk averseness,
the decision to purchase insurance is made based on expected
utility gain. The utility gains expected from the purchase of
health insurance are related to the expected medical need of
the person living in the household. For example, Hopkins and
Kidd (1996) suggest that the probable distribution of a future
health state is based on present and past health states. According
to Phelps (1973) uncertainty arises due to the health status of
individuals or members of the household. Let us consider a
farmer with a utility function U = U(C, H), where C is a “market
basket” of consumption goods and H is flow of “healthy days.”
Healthy days (H) vary with quantity and quality.4 Let us assume
that to have healthy days the farmer can buy a contract (or
insurance) at price Ph per unit of h. Following a technological
production function, f(h) will specify the relationship between
the amounts of medical care (h) purchased and the amount
of healthy days (H) obtained. Finally, f(h) will have normal
production function attributes (f ′(h) > 0 and f ′′(h) ≤ 0).
Therefore, the final consumption of health can be written as

H = H0 − δ + f (h), (1)

where δ is a random variable like illness, and f(h) is the pro-
duction function transforming medical care into healthy days.
Equation (1) implies that farmer’s consumption of health can
be expressed as the sum of initial level of health (H0) less any
random losses, δ, plus any medical care inputs purchased. The
farmer’s budget is

Y = PCC + Phh. (2)

Inverting Eq. (1) establishes the derived demand for h, given
H0 and δ. Note that demand for h is always conditioned by a
specific level of loss, δ. Substituting the value of h into Eq. (2)
we can obtain the following constraint for farmer in C and H:

Y = PcC + Phf
−1(H − H0 + δ). (3)

One can differentiate Eq. (3) (iso-quant) with respect to H to
conclude that more C can be acquired only by giving up some
H and vice versa. Now consider that the farmer can buy a health
insurance policy. The farmer is given the choice of selecting any

3 The model presented here does not address the joint decision making that
occurs when an employer has the decision to offer insurance and an employee
has the decision to take up insurance.

4 Flow of services H is subjected to random losses, implying that a rational
consumer occasionally becomes ill.

coinsurance rate (K) between zero and one; K is the fraction of
the medical bills the farmer will pay during the period of the
contract. The farmer pays KPh per unit of h and the insurer will
pay (1 − K)Ph per unit. Once the farmer’s purchases exceed h∗,
the predetermined level of medical services or units of medical
care, the insurance policy is no longer effective. Essentially the
farmer pays Ph per unit for all h > h∗. The insurance premium
(I) is in part determined by the particular K chosen by the farmer.
The premium may be written as

I = I (K,h∗, θ, γ ), (4)

where θ is a loading charge on the insurance and γ is a vector of
parameters that influence the premium (age, family size, educa-
tion, occupation, etc.) insurance reflects expected expenditures
of the farmer, and is represented by

I = (1 + θ )
∫ δ∗

0
(1 − K)Phh(δ)f (δ) dδ, (5)

where δ∗ is exact loss such that f (h∗) = δ∗. Equation (5)
holds the appropriate definition of the insurance premium. Now
the decision to purchase medical care (h) and other goods (C)
follows a normal economic analysis. The farmer is assumed to
maximize utility from goods, subject to a constraining income.
The farmer can alter his budget line in advance knowing which
illness (δ) occurs. Once the probability of f(δ) is known, or the
farmer can allocate the budget in the normal fashion, taking
into account the size of the loss5 from his health level (H). The
budget constraint after the farmer purchases an insurance policy
can be represented as

Y − I = PcC + KPhh for h ≤ h∗,
Y − I = PcC + Phh − (1 − K)Phh

∗ for h > h∗.
(6)

The farmer derives income from two sources.6 First, the
farmer works F hours on the farm at the Wf wage rate. Sec-
ond, the farmer works off the farm O hours with wage rate Wo,
the total market participation time, T being determined exoge-
nously (T is the sum of farm, off-farm work, leisure time, and
time spent to purchase a unit of h). Thus, the total income can
be represented as

Y = Wf F + WoO. (7)

To choose the optimal C and h given the loss of δ, income,
the production function f(h), and market prices Pc and Ph the
farmer must maximize the Lagrangian expression with respect
to C, h, and λ. Specifically,

Max
C,h,λ

Z = U (C,H ) + λ(−Y + PcC + KPhh + I ) for h ≤ h∗,
(8)

5 The insurance policy is chosen before the actual drawing from f(δ), illness
distribution, so that K and h∗ can be assumed to be fixed for the consumption
decision.

6 For simplicity, we only use farmer, although one can expand the model to
include the spouse (time and income generated) into these equation as well.
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or if the computed value of h is above h∗, then farmer uses

Max
C,h,λ

Z = U (C,H ) + λ(−Y + PCC

+ Phh + I − (1 − K)Phh
∗) for h > h∗.

(9)

One can solve the first-order conditions for both Eqs. (8)
and (9) represented above. Finally, one can derive the demand
function. Specifically, for any loss δ, there is an implied pair of
demand functions for C and h of the following general form:

C = C(PC, Ph,Wo,Wf ,K, h∗, Y, I,H0, δ,�,�), (10)

h = h(PC, Ph,Wo,Wf ,K, h∗, Y, I,H0, δ,�,�), (11)

where � is a vector of parameters of the utility function and �

is a vector of parameters including age, occupation, education,
family size, etc., that influence the function f(h). Finally, it
should be pointed out that C and h are dependent not only
upon income and market prices, but also upon observed loss
δ, the entering level of health, H0, and the insurance parameter
previously chosen. In this study, we are interested in estimating
Eq. (11), with the caveat that, due to lack of data, some of the
variables, for example, health status, are not available.

6. Estimation method

Health economists often face econometric challenges posed
by nature of the health care expenditures data (nonnegative, zero
values, and skewness). Alternatives to ordinary least squares
(OLS) include a two-part model (2PM) (Blough et al., 1999;
Duan et al., 1983, 1984; Hay and Olsen, 1984; Hornbrook
and Goodman, 1995; Manning et al., 1981, 1987), which mod-
els the probability of nonzero costs separately from their level
conditional on nonzero costs.7 Mullahy (1998) points out that
the choice of modeling health care expenditures, a one-part or
two-part model, should be confronted squarely in application.
Buntin and Zaslavsky (2004) compare the performances of eight
alternative health care cost estimators, including the two-part
model, and conclude that a 2PM would be appropriate if mod-
eling nonzero costs. The authors pointed out that the 2PM best
predicted the sample mean and had the lowest mean squared
forecast error (MSFE) in the split-sample cross-validation exer-
cise. More recently, Meyerhoefer and Pylypchuk (2008) using a
2PM studied the impact of participation in food stamp programs
on female obesity and health care spending. The authors point
out that 2PM has been shown to outperform more general sam-
ple selection models in the common case where an exclusion
restriction to empirically identify the first stage is not available.

In this article, the impact of farm households’ health insur-
ance status on health care expenditures (total premiums and

7 Data structures are observed in health applications such as health care
utilization, expenditures, use of tobacco and alcohol, physician service, etc.

out-of-pocket expenses) is estimated using the two-part model.
In the first part of the model, it is assumed that the proba-
bility (Pi) of the ith farm household having a nonzero health
care expenditure is governed by a parametric binary model as
follows:

Yi = 1 if Y ∗
i = β

′
X + vi > 0,

= 0 if Y ∗
i ≤ 0 (otherwise),

(12)

where Y ∗
i is an unobservable random variable since it is de-

rived from a farm operator’s own utility function. The expected
value of Yi is estimated using the following probit regression
model:

E[Y |X] = P (Yi = 1)

= P (Y ∗
i > 0) = P (−vi < β

′
Xi),

(13)

Using a maximum likelihood procedure to estimate (13) al-
lows for the computation of the following (see Greene, 2008):

P̂i = �(ẑi) =
∫ ẑ

−∞
ϕ(ui) dui

=
∫ ẑ

−∞
(2π )−1/2 exp

( − u2
i

/
2
)

dui.

(14)

where �(·) is the standard cumulative distribution function,
ϕ(·) is the probability density function of the standard normal,
ui (equivalent to −vi in (13)), which is redefined to keep the
algebra simple) is a random variable with mean zero and unit
variance, and

�
z = β̂ ′ X.8

In the second part of the 2PM, the following OLS model of
total out-of-pocket health care expenditures (y) is estimated:

E[ln(y)|y > 0; x] = α
′
x + E(εOLS|y > 0; x) = α

′
x. (15)

The logarithmic transformation in (15) is undertaken to mitigate
the ill-effects on estimated regression parameters when the dis-
tribution of the dependent variable, as in this article, is skewed
and with a long right tail. Many studies can be found in the lit-
erature that have discussed the merits of transforming the data
using the logarithm function as a possible fix to the skewness
problem (e.g., Manning, 1998; Manning and Mullahy, 2001;
Mullahay, 1998).

Calculation of the marginal effects of the explanatory vari-
ables in (15) under the assumption of normal and homoskedastic
errors ε starts by considering the possibility of Pi(y = 0), which
represents the likelihood that the farm household has no health
care expenditures. In turn, prediction of y consists of two parts:
Pi(y > 0) which is estimated from the first part of the 2PM us-
ing the probit regression model, and the conditional expectation

8 The marginal effects (Greene, 2008) are computed as in
∂E[Y |X].

∂X
= ϕ(β̂ ′X)β̂.



A. K. Mishra et al. / Agricultural Economics 43 (2012) 75–88 81

E[y| y > 0] from the log-linear OLS regression model (see Dow
and Norton, 2003; Frondel and Vance, 2010):9

E[y] = P (y > 0)E(y|y > 0] + P (y = 0)E[y|y = 0]

= P (y > 0)E(y|y > 0] + 0

= �(β̂
′
X) exp{α̂′

x + 0.5σ 2}.
(16)

Utilizing the fact that the derivative of the cumulative normal
function � equals the normal density function ϕ, and using
the product and chain rules of differentiation allows for the
derivation of the marginal effect (ME), and consecutively after
dividing ME by E(y) and multiplying it by xk for the derivation
of the elasticity (η) of the kth continuous explanatory variable
as in (see Frondel and Vance, 2010; Norton et al., 2008)

MExk
= ∂E[y]

∂xk

= α̂kE[y] + β̂k�(β̂
′
X) exp{α̂′

x + 0.5σ 2}

= α̂kE[y] + β
ϕ(β̂

′
X)

�(β̂ ′
X)

E[y], (17)

ηk = ∂ ln E[y]

∂ ln xk

= ∂E[y]

∂xk

xk

E[y]
=

[
α̂k + βk

φ(β̂
′
X)

�(β̂ ′
X)

]
xk. (18)

When the kth explanatory variable in (15) is a dummy vari-
able (Dk), its elasticity is computed, as described in Frondel and
Vance (2010), as a “relative difference” in the expected value
of y as in

ηDk
= (E[y|Dk = 1] − E[y|Dk = 0])/E[y|Dk = 0]. (19)

An important consideration for the robustness of retransfor-
mations in the estimation of 2PM in health economics is the
issue of whether the distribution of y| y > 0 is log-normally
distributed with a constant σ 2. If this were the case indeed, then
use of E(y| y > 0) = exp(α̂′x + 0.5σ 2) as suggested in (16) is
hence justifiable. As a robust alternative when this assumption
is violated, as was suggested by Duan (1983), is to replace E(y|
y > 0) = exp(α̂′x+0.5σ 2) with E(y| y > 0) = S exp(α′x) where
the smearing estimator S = N−1

+
∑

i∈n+ exp(ε̂i) and where N+
is the size of the sample n+ containing positive values of y.

As an alternative to the logarithmic transformation used in the
estimation of out-of-pocket expenditures for farm households,
and in concentrating on part 2 of the 2PM, we also consider
the possible use of a Gamma-based generalized linear model
(GLM) with a log-link function as has been the practice in health
expenditure applications (see Blough et al., 1999; Buntin and
Zalavsky, 2004; Gilleskie and Mroz, 2004)10

μ = E[y] = E[y|y > 0.] = exp(α̂
′
x). (20)

9 Let a random variable q = ln(y). If q has a normal distribution with some
mean value of E(q) = μ and variance σ 2, then y will have a lognormal distri-
bution and a mean value of E(y) = exp{α̂′x + 0.5σ 2) (see Shen et al., 2006).

10 A note with regard to the nature of the sample used in the GLM model is in
order. While the GLM model allows the use of all observations in the analysis
(i.e., both zero- and nonzero values of y), we restricted our analysis for the
GLM model to only those observations where y > 0, thus allowing for E[y]
= E[y| y > 0)] by construct. This was done to allow for comparability of the
regression results between the log-linear part of the 2PM and the GLM models.
Also, note that the variance structure for the GLM model with link function g
is described as v = g(μ)2.

The marginal effect (MEglm) of the kth continuous explana-
tory variable and its corresponding elasticity ηglm based on this
model are computed as follows (see Decker, 2009; Manning
et al., 2005; Wooldridge, 2002):

MEglm,xk
= ∂E[y|y > 0.]

∂xk

= α̂k exp(α̂
′
x), (21)

ηglm,xk
= ∂E[y|y > 0]

∂xk

xk

E[y|y > 0]
= α̂kxk. (22)

When the explanatory variable is a dummy variable, its elas-
ticity is computed as in (19) with E[y] based on the formulation
in (20).

7. Results

Table 2 presents definitions and summary statistics for the
variables used in the analysis.11 Note that the mean health
expenditures for farm households, including those with zero
expenditures in 2006 was $5,516. For only those farm house-
holds who had any health care spending, which accounted for
93% of the weighted sample, the mean health expenditures was
a slightly higher at $5,931. The combined income and wealth
measure used in the second part of the 2PM, referred to hence-
forth as full-income. Here we use 2005 full income in order
to mitigate the potential for “inconsistent” parameter estimates
due to endogeneity concerns.12 Fig. 1 presents a map of the
rural-urban location codes used in the models.

The upper part of Fig. 2 depicts, based on a spike plot of the
weighted data (see Cox, 2004), a skewed distribution of health
expenditures with a long right tail. The first leftward spike in
the figure shows nearly 67,000 farm households, of the nearly
one million farm households in the selected sample, with zero
health expenditures. The lower portion of the figure shows the
distribution of health expenditures after a log transformation.
The distribution becomes better behaved—although it remains

11 A Ramsey regression specification error test (or commonly known as the
RESET test; see Ramsey, 1969) for omitted variables (e.g., age2, full-income2)
was performed. Specifically, applying RESET to examine the null hypothesis
H0: “Model has no omitted variables” yielded an F(3, 3007) = 1.25 (Prob >

F = 0.29), which thus indicates that the model described in Table 2 is properly
specified.

12 The combined income-wealth (CWB) measure used is similar to what has
been proposed initially by Weisbrod and Hansen (1968) and reaffirmed later by
Hill (2002):

CWBi = HHMIi + (tc MNW i )
r

[1 − (1 + r)−lj ]
,

where tc represents a proportional adjustment factor reflecting transaction costs,
l is the life expectancy of the unit, r is an assumed interest rate set at 4% for this
paper, and HHMIj and MNWj represent the ith total household’s money income
in 2005 and marketable net worth, respectively. Because the 2006 ARMS did not
query farm operators about their levels of farm and nonfarm assets and debts in
2005, the 2006 levels of MNWj were used instead (with a downward adjustment
due to inflation in 2005) under the assumption that a farm household’s total
equity in 2005 was the same as in 2006.
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Table 2
Definitions and weighted means of variables used in parts 1 and 2 of model of health care expenditures for farm households, 2006

Definitions First part (y ≥ 0) Second part (y > 0)

Dependent variable (y)
Total health care expenditures on health care (=1; 0 otherwise) 0.93 –
Total health care expenditures on health care ($1,000) 5.516 (0.26) 5.931 (0.28)
Log(total health care expenditures on health care) – 1.61 (0.03)

Explanatory variables – –
Operator and household characteristics

Age of farm operator (years) 50.65 (0.37) 50.79 (0.38)
High school education (=1; 0 otherwise) 0.37 0.37
Some college (=1; 0 otherwise) 0.25 0.26
College (=1; 0 otherwise) 0.30 0.30
Gender of principal farm operator (=1 if operator is female; 0 otherwise) 0.07 0.08
Ethnicity of principal farm operator (=1 if operator is white; 0 otherwise) – 0.97
Size of farm household 3.22 (0.06) 3.23 (0.07)
Miles from the closest city with a population of 10,000 or more 24.56 (0.97) 24.42 (1.06)
Combined income and wealth measure, 2005 ($1,000) – 105.831 (4.40)
Sources of insurance∗ – –

Off-farm employer of principal operator (=1; 0 otherwise) – 0.30
Off-farm employer of spouse (=1; 0 otherwise) – 0.18
Farming operation (=1; 0 otherwise) – 0.04
Private, fully purchased by the household (=1; 0 otherwise) – 0.15
Multiple, including Medicare, Medicaid, or other public insurance (=1; 0 otherwise) – 0.21

Farm characteristics
Sole proprietorship (=1; 0 otherwise)† 0.94 –
Full ownership of farming acreage (=1; 0 otherwise) 0.57 –
Cash grains (=1; 0 otherwise) 0.11 –
Other crops (=1; 0 otherwise) 0.24 –
Fruits and vegetables 0.04 –
Dairy 0.04 –
Beef cattle and hogs 0.35 –
Location is in the following county‡

Large metro: population of 250,000 or more (=1; 0 otherwise) 0.23 0.23
Small metro: population of fewer than 250,000 (=1; 0 otherwise) 0.06 0.07
Large urbanized: urban population of 20,000 or more (=1; 0 otherwise) 0.10 0.10
Small urbanized: urban population of less than 20,000 (=1; 0 otherwise) 0.45 0.45

Sample size 3,292 3,028
Farm operator households 952,442 885,868

Data source: 2006 Agricultural Resource Management Survey (Version 1, Phase III). Standard errors (SE) are in parentheses. Estimates of SE were measured using
the bootstrapping variance estimation method with 1,000 drawn samples. The sample includes the households of married farm operators who are less than 65 years
old.
∗The excluded category includes farm households with no health insurance.
†The excluded category includes all other forms of farm legal organizations such as legal partnerships and corporations. For type of farm the excluded category is
livestock and poultry farms.
‡The excluded category includes completely rural counties or counties with less than 2,500 urban population.

not quite symmetric due to the presence of a large number of
farm households with zero health expenditures—than the distri-
bution based on the raw scale, with the coefficients of skewness
and kurtosis dropping from 16.93 to 0.05 and from 50.93 to
2.41, respectively. Fig. 3 demonstrates the inappropriateness of
using OLS in the second part of the 2PM in the analysis of
the demand for health care expenditures. Specifically, the up-
per portion of the chart shows that, when OLS is used, there
is the presence of heteroscedasticity and negative prediction of
health care expenditures.13 A scatter plot of log-scale residu-

13 The fit line in the upper chart based on a locally weighted regression
(lowess) function (for more detail, see Bowman and Azzalini, 1997) alludes to
a variance of the raw-scale residuals as a function of the predictions as being

als over the log-scale predictors, as demonstrated in the lower
portion of Fig. 3, highlights the benefit of using OLS, with a
log-transformed dependent variable. This transformation sig-
nificantly lowers the coefficients’ skewness and kurtosis in the
distribution of the raw-scale residuals, from 17.69 to 0.34 and
from 544.14 to 3.32, thus making the distribution of the resid-
uals closer to fulfilling the normality assumption as required in
OLS estimation.14

quadratic, thus pointing to the possibility of improvement in the estimation of
health care expenditures when a gamma or a logarithmic transformation of y
is used rather than when y is modeled using OLS regression without such a
transformation.

14 A plot of the quantiles of the residuals from the log-transformed model
against the quantiles of a normal distribution (not included in the paper to
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Fig. 1. Rural–urban location codes used in the regression models.

The first column of statistics in Table 3 reports the param-
eter estimates of the first part of the 2PM, estimated using a
probit model. These estimates describe the direction and the
magnitude of the effects of the variables on the likelihood that
a farm household has expended any money on health care in
2006. Results indicate that the coefficients of the variables de-
picting the demographic characteristics (age, education, race,
and gender) of the farm operator are all significant at the 5%
level of significance, or better. Of the remaining variables, only
the size of farm households is found to have a significant im-
pact on the likelihood of health care spending.15 In terms of the
marginal impacts of the explanatory variables on the probability

save on space) showed a departure from normality only near the tails. Also,
a Breusch–Pagan (BP)/Cook–Weisberg test for H0: “Constant variance” using
the raw scale dependent variable y yielded a chi2(17) = 3385.87 (Prob >

chi2 = 0.00), and when using the log-transformed dependent variable y, this
yielded a chi2(17) = 62.45 (Prob > chi2 = 0.00), thus affirming the presence
of heteroskedasticity under both cases (for more detail, see Breusch and Pagan,
1979; Cook and Weisberg, 1983). To the extent that the BP test assumes that
the distribution of the error terms is normal, a discernment of the presence of
heteroskedasticity is thus more reliable only when y is log-transformed since
only then the normality assumption becomes closer to being met.

15 An expanded probit regression model with sources of insurance as
an added explanatory variables was estimated but was not included as
part of the analysis due to the endogeneity of these variables. While de-
tailed reporting of the results can be obtained from the authors upon re-

of health care expenditures, the farm operator having received
some college education is found to exert the strongest impact
as indicated by the rise in such a probability by nearly 8%.

Results in the first column in Table 4 are those from a log-
transformed y using the OLS regression model. They show a
positive and significant effect of the age of the farm opera-
tor on health care expenditures. Consistent with the economic
theory, results indicate that health care expenditures rise with
age. Age may act as an important determinant of propensity to
insure, not only because it is a variable associated with high
indirect risk vulnerability and thus increased expected medical
consumption, but also because it is associated with an increased
stock of wealth. Stock of wealth generally increases as individ-
uals/households get older. Van De Ven and Van Praag (1981)
and Hopkins and Kidd (1996) note that younger individuals and
families are generally less well off. Results are consistent with
the findings in the literature (Cameron et al., 1988; Ngui et al.,
1990; Savage and Wright, 1999).

quest, the following is a shortened description of the probit model’s re-
sults (significant [at 5% level or better] coefficients are in bold numbers):
−0.6.05+· · ·−0.137∗ Off-farm employer of principal operator −0.017∗ Off-
farm employer of spouse −0.227∗ Farming operation +0.574∗ Private, fully
purchased by the household −0.070∗ Multiple other sources+· · · (Pseudo R-
squared = 0.086).
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Fig. 2. Distribution of health care expenditures, 2006.

Having some or completed college education (including the
possibility of graduate education) is shown to have a positive
and significant influence on health care expenditures. Of the
variables depicting household characteristics, both “size” and
“full-income” of the farm household are significant variables in
explaining health care expenditures. The reason for the positive
impact of income could be that higher income increases the
likelihood of buying health insurance (Propper, 1989; Savage
and Wright, 1999), which could result in higher health care ex-
penditures. Higher income generally decreases the opportunity
cost associated with the purchase of health insurance in pure
monetary terms (Hopkins and Kidd, 1996). Our results are con-
sistent with the findings of Van De Ven and Van Praag (1981) for
the United States, as well as with research on health insurance

Fig. 3. Heteroscedasticity in raw- and log-scale OLS residuals, 2006.

purchase decisions in studies conducted around the world (for
example, Propper, 1989 in the United Kingdom; Cameron et al.,
1988 in Australia; and Hurd and McGarry, 1997 in the United
States). All of the variables depicting the sources of farm insur-
ance are found statistically significant in terms of their positive
impact on health care expenditures, particularly when the farm
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Table 3
Probit estimation results of the health care expenditures’ decision, 2006

Variables β̂ Robust ∂P
∂X

Robust
standard standard
errors errors

Intercept −0.6004 0.690 – –
Age 0.0203∗∗∗ 0.008 0.0023∗∗ 0.000
High school education 0.6346∗∗ 0.290 0.0669∗∗ 0.029
Some college 0.8940∗∗∗ 0.286 0.0768∗∗∗ 0.020
College 0.6685∗∗ 0.287 0.0648∗∗ 0.024
Female 0.6857∗∗∗ 0.211 0.0509∗∗∗ 0.011
Size of farm household 0.1229∗∗ 0.054 0.0143∗∗∗ 0.006
Miles −0.0018 0.002 −0.0002 0.000
Sole proprietorship −0.0125 0.183 −0.0014 0.021
Full ownership 0.0323 0.148 0.0037 0.017
Cash grains −0.1395 0.215 −0.0177 0.029
Other crops 0.0824 0.207 0.0093 0.022
Fruits and vegetables 0.1657 0.284 0.0171 0.026
Dairy 0.2562 0.243 0.0248 0.019
Beef cattle and hogs 0.1956 0.193 0.0219 0.020
Large metro −0.0085 0.236 −0.0009 0.027
Small metro 0.1537 0.307 0.0161 0.028
Large urbanized: urban

population of 20,000 or
more

0.1910 0.263 0.0197 0.024

Small urbanized: urban
population of less than
20,000

−0.0971 0.198 −0.0114 0.023

Pseudo R2 0.07

Data source: 2006 Agricultural Resource Management Survey (Version 1, Phase
III).
∗Significant at 10%.
∗∗Significant at 5%.
∗∗∗Significant at 1%.

household directly purchases insurance.16 Findings indicate no
association between the location of the farm where the operator
resides and health care expenditures.

Results for the Gamma-based GLM with a log-link function
of health care expenditures are reported in column 3 of Table 4.
The central structure of this model, as indicated earlier, is an
exponential conditional mean (see Eq. (20)) with variance of y
that is proportional to the square of its mean (see footnote 9).17

16 A caveat is in order here. As one reviewer has correctly pointed out, the
dummies depicting the sources of insurance in the health care demand model can
be viewed as being endogenous. However, no proper instruments can be found
in the ARMS to allow for the use of an instrumental variable (IV) approach in
order to mitigate the ill-effects of endogeneity on estimated parameters; these
dummies are nevertheless used in the article under the assumption that they are
exogenous. It is important to note, however, that issues of endogeneity concerns
related to dummies depicting insurance sources in a health care utilization
equation were addressed by Cameron et al. (1988), with findings indicating
no substantial differences between models that attempted to correct for the
endogeneity of these variables using an IV approach and those that did not.

17 To discern whether the assumption of the exponential conditional mean
being proportional to the square of its mean is valid, a modified version of the
Park test for heteroscedasticity is used (see Manning and Mullahy, 2001; Park,
1966). Specifically, a regression of the form

ln (yi − ŷi )
2 = λ0 + λ1ln (ŷi ) + νi

Table 4
Results from the two-part model (2PM) of health care expenditures using OLS
and GLM regression procedures, 2006

Variables OLS (dep. var.: log(y)) GLM (dep. var.: y)

α̂ Robust α̂ Robust
standard standard
errors errors

Intercept −0.3663 0.324 −0.7274 0.461
Age 0.0165∗∗∗ 0.003 0.0260∗∗∗ 0.004
High school education 0.2398 0.160 0.2114 0.261
Some college 0.2756∗ 0.160 0.2016 0.259
College 0.3217∗∗ 0.157 0.2322 0.258
Female −0.1453 0.112 −0.1374 0.173
White 0.3541 0.256 0.3436 0.337
Size of farm household 0.0796∗∗∗ 0.019 0.0895∗∗∗ 0.028
Previous year’s combined

income and wealth
measure

0.0003∗∗ 0.000 0.0005∗∗ 0.000

Off-farm employer of
principal operator

0.1868∗ 0.098 0.2553∗ 0.141

Off-farm employer of
spouse

0.1983∗∗ 0.099 0.2649∗ 0.136

Farming operation 0.4412∗∗∗ 0.117 0.6209∗∗∗ 0.135
Private, fully purchased by

the household
0.8920∗∗∗ 0.090 0.9505∗∗∗ 0.125

Multiple other sources 0.3903∗∗∗ 0.107 0.4580∗∗∗ 0.142
Large metro −0.1060 0.099 −0.1554 0.141
Small metro 0.0009 0.100 −0.1426 0.132
Large urbanized: urban

population of 20,000 or
more

−0.0976 0.096 −0.2269 0.131

Small urbanized: urban
population of less than
20,000

−0.0688 0.081 −0.1514 0.121

R2 0.181 0.052#
F test [degrees of freedom] 15.09∗∗∗ [ 17, 3010]
Wald test (χ2stat) [degrees

of freedom]
(165.97)∗∗∗ [17]

Data source: 2006 Agricultural Resource Management Survey (Version 1, Phase
III).
#This is the squared correlation coefficient (r2) where r is the coefficient mea-
suring the extent of the correlation between the observed y and the predicted
y.
∗Significant at 10%.
∗∗Significant at 5%.
∗∗∗Significant at 1%.

Findings show a similarity between the results based on the OLS
log-transformed model and those that are based on the GLM,
except for the college education variables that were statistically
insignificant in the latter model. A notable difference among
the two models, however, which explains the insignificance of
the college-education variables in the GLM model, is the fact
that standard errors under GLM tend to be larger. The large loss

is estimated using a robust variance–covariance matrix of estimated coefficients.
This test has yielding a statistically significant value of 1.44 for λ1. An F-test
of this value being equal to 1 was rejected based on an F(1, 3026) = 5.92 (Prob
> F = 0.0150), thus affirming the notion that the variance of the error term can
be approximated as being proportional to the square of its mean.
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Table 5
Elasticities of health care expenditures for a selected set of covariates, 2006

Variables % change in expenditures

OLS (dep. var.:
log(y)) GLM (dep. var.: y)

Robust Robust
Std. Std.
Error Error

1% increase in continuous variables:
Age 0.966∗∗∗ 0.0030 1.309∗∗∗ 0.0042
Size of farm household 0.312∗∗∗ 0.0023 0.292∗∗∗ 0.0022
Previous year’s combined 0.051∗∗∗ 0.0015 0.080∗∗∗ 0.0023

income and wealth
measure

Relative differences in dummy variables:
Some college 0.295∗∗∗ 0.0007 –
College 0.347∗∗∗ 0.0009 –

Sources of insurance:
Off-farm employer of

principal operator
0.200∗∗∗ 0.0002 0.149∗∗∗ 0.0008

Off-farm employer of
spouse

0.213∗∗∗ 0.0003 0.154∗∗∗ 0.0009

Farming operation 0.523∗∗∗ 0.0013 0.362∗∗∗ 0.0018
Private, fully purchased

by the household
1.255∗∗∗ 0.0064 0.554∗∗∗ 0.0028

Multiple other sources 0.452∗∗∗ 0.0010 0.267∗∗∗ 0.0013

Data source: 2006 Agricultural Resource Management Survey (Version 1, Phase
III). Estimates of SE were measured using the bootstrapping variance estimation
method with 1,000 drawn samples.
∗Significant at 10%.
∗∗Significant at 5%.
∗∗∗Significant at 1%.

of efficiency witnessed under the GLM model is not surprising
(see Buntin and Zaslavsky, 2004; Manning and Mullahy, 2001),
particularly when the kurtosis of the distribution of the error
terms under the OLS log-normal model is in excess of 3, as in
this study where the value of this coefficient is 3.32.

This article has used two different techniques to assess the
impact of farm and farm household characteristics, including
sources of health insurance, on health care expenditures. Of
the two models used, the OLS model with a logarithmic trans-
formation of health care expenditures seems to perform much
better than that of the GLM based on goodness of fit mea-
sures (R2 = 0.181 versus an R2 = 0.052, respectively), and
based on efficiency gains in the measurement of estimated vari-
ances of regression parameters. Despite this, and for the sake
of providing some sort of sensitivity analysis to the extent of
variation in the elasticity estimates between various methods of
estimation, the next section computes the elasticities of health
care expenditures based on the regression results from both
models.

The elasticities of health care expenditures for selected co-
variates (those that were found statistically significant in Ta-
ble 4) and under both the OLS model with a log-transformed
y and the GLM with a raw-scale y are presented in Table 5

(see Eqs. (18) and (21), respectively). Findings indicate signif-
icant statistical differences, due to nonoverlapping confidence
intervals, in the estimated elasticities based on the regression
method chosen to estimate E(y|x) and consequently the elas-
ticities themselves. For example, the elasticity of health care
expenditures with respect to full-income is 0.051 with the log
transformation of y and 0.081 without such a transformation. Put
differently, a 1% increase in full-income will increase spending
in health care by about 5% based on the first model and by about
8% based on the second model. Another equivalent interpreta-
tion for these estimates (i.e., ∂y/y = (100 α̂) ∂ x) put a one
unit increase or change in full-income (i.e., $1,000), which is a
covariate that does not enter in the probit model in the first part
of the 2PM, to result in 0.03% (or $226) increase in expected
health expenditures based on the model with transformed y and
in 0.05% (or $296) based on the GLM model.18

The results in Table 5 also show that the elasticities of health
care expenditures in terms of sources of health insurance are
highest when insurance is purchased directly by the farm house-
hold. Under the OLS-transformed model, this elasticity is at
1.255, and is at 0.554 when the estimation of the elasticity is
based on the GLM. When translated into dollar amounts, these
results indicate that farm households with private health in-
surance are likely to spend either $9,479 (= 1.255 × $7,553;
based on the model with transformed y) or $3,286 (= 0.554 ×
$5,931; based on the GLM model) more on health care expen-
ditures than farm households without any health insurance.19

Table 4 further reports that for farm households who have health
insurance, the age of the farm operator and household income
are important determinants of health care expenditures. In both
cases, health care expenditures are positively correlated with
age and income of the farm households. Access to health care
facilities and location of households may have an impact on
health care expenditures. For example, in many rural areas, a
lack of competition among health care providers may result in
higher health care expenses. However, our results (in Table 4)
show that the location of farm households is not a significant
factor in explaining health care expenditures. Part of the ex-
planation for this finding is likely related to farm households
in more isolated areas traveling to metro areas to seek care;
the cost associated with this additional travel is not included in
health care expenditures of the household.

18 While the expected health care expenditures based on the GLM was based
on Eq. (21), the OLS log-transformed model was computed based on Eq. (16)
as in the following with some adjustment as to reflect the utilization of the
smearing estimator S:
E(y| y > 0) = S exp(α′x).

19 However, as one reviewer noted, caution should be exercised when report-
ing these estimates due to issues related to endogeneity of insurance. It is often
difficult to find credible instruments to correct for endogeneity in empirical
models. Further, due to lack of data on health status the issue of endogeneity
may be amplified. In order to fully address this issue one may need a natural
experiment or quasi-experimental design to identify a credible instrument.
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8. Summary and conclusions

Unlike the general U.S. population, descriptive data for
uninsured farm households indicate that uninsured households
spend more for health care services than the insured. When out-
of-pocket expenses and health insurance premiums are consid-
ered, insured farm households spend more than uninsured farm
households. In our model, we found that when we controlled
for a variety of personal and local area characteristics, having
health insurance was negatively related to total health care ex-
penditures. Age and income, not surprisingly, were also found
to be significant in explaining health care expenditures.

Farm groups often express concern over the high price and
low availability of individual insurance policies. Given the cur-
rent debate on health care reform, we also considered the role
of the source of health insurance in explaining total health
care expenditures. The majority of farm households engage in
multiple-job holding and have access to employer-sponsored
plans, but still a large share of households have directly pur-
chased private insurance plans. Enrollment in a directly pur-
chased private insurance plan with an insurance vendor was
found to be a significant factor in explaining health expendi-
tures. Directly purchased private insurance plans are generally
more expensive in terms of premiums, deductibles, and co-pays
than other types of plans. With the new health care legislation,
a major change in directly purchased private insurance plans
is imminent. Individuals and households will soon be able to
purchase coverage in insurance exchanges. These exchanges,
depending on how they are designed, are expected to better pool
risks and contain costs. Consequently, they may reduce the cost
of premiums and out-of-pocket expenses for the average partic-
ipant, like farm households, who have heretofore been relying
on directly purchased private insurance plans.
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